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SIMULINK Linear & Non-Linear Systems

SIMULINK Library Continuous

e Elements for modelling continuous-time systems

e Delays
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From ODE to Continuous—Block

Example: spring pendulum

ODE: m-x(t)+k-2(t) =0

A
Solution in time domain:
z(t) = g cos (wot) + 22 sin (wot) L, =K
Transform to frequency domain:
1 v
Transform function X (s) =
( ) 82+W8 { M
: _ 0 > 521+2 p ]
:> In SIMULINK Constant Transfer Fcn Scopel

(with initial outputs)
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Examples for Continuous

Resetting of Simulink Integrator Block:
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Linearisation

e Linearisation of simulation models at arbitrary

operating point

e Command:

[A,B,C,D] = linmod(’sys’,x,u,para,xpert,upert)

[Ad,Bd,Cd,Dd] = dlinmod(’sys’,T's,x,u)

e Further Matlab—Commands from Control System

Toolbox for analysing (ss, tf, zpk, bode, 1sim)
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Find a point of equilibrium

e A trim point (point of equilibrium) corresponds to the

steady state of a dynamic system

e Command: [z,u,y] = trim(’sys’, 0, w0, yO0)

e further options = help trim
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SIMULINK Library Nonlinear

e Elements for modelling of physical non-linearities

e Switches
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Example for Nonlinear

Example for Quantizer

Parabel
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SIMULINK Library Functions & Tables

e [ables

e Programmable functions

e

Look-Up
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Examples for Function & Tables

Examples for Look—Up Table
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Algebraic loops

e direct feedthrough: Output port
of a block drives input port of the 3
same block, i.e. input depends on M

output at the same time

e Blocks with direct feedthrough: Sum, Gain, Product
(State Space, Integrator, Transfer Function, Zero—Pole)

Solve
@ t2=0

Algebraic Constraint

v

e Solution with Algebraic Constraint: i
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Example for algebraic loops

f(z) = %z3—2—185inz—z—5=0
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S—Functions

e Self-programmable functions
e Use S—Function—Block in SIMULINK—Model

e programmable in

— Matlab (M—Files)
— C, C++, Fortran, Ada (MEX Files)

e Integration of earlier written programmes
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Example for S—Functions

PT]_: 1

Transfer function: Y(s) = ——-U(s)
1+ sT
or state space: [ 1 -+ 1
: r = ——-TT —=-U
T T
Yy — X
Block Parameters: SFunction 4|
— S-Function

Ilzer-definable block. Blocks may be written in b, C or Fortran and must
conform ko S-function standardz. tx.u and flag are automatically paszed to
the S-function by Simulink. “Extra’ parameters mayp be zpecified in the
‘S-function parameters’ figld.

| —— P ptisfun ——Pp y — Parameters
S-function narme:
Step S—Function To Workspace |pt1 sfur]

S-function parameters:
i

] I Cancel Help | Spply |
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Example for S—Functions

function [sys,x0,str,ts] = ptisfun(t,x,u,flag,T)

A= [-1/T]; 7% State matrix % Unexpected flags %

B=1[1/T]; % Input matrix otherwise % error handling

c=[1 1; % Output matrix error ([’Unhandled flag = ’,num2str(flag)]);
D=[0 1; % Feedthrough matrix=0 end

switch flag, % end ptisfun

% Initialization %

case 0, fy=====================
[sys,x0,str,ts]=mdlInitializeSizes(A,B,C,D); % mdlInitializeSizes
Y =====================
% Derivatives % YA
case 1, function [sys,x0,str,ts]=..
sys=mdlDerivatives(t,x,u,A,B,C,D); mdlInitializeSizes(A, B C,D)
% Outputs % sizes = simsizes;
case 3,
sys=md10utputs(t,x,u,A,B,C,D); sizes.NumContStates = size(A,1);
sizes.NumDiscStates = 0;
% not used flags sizes.NumOutputs = size(C,1);
case {2, 4, 9},
sys=1[]; sizes.NumInputs = size(B,1);
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Example for S—Functions

sizes.DirFeedthrough = 0;

sizes.NumSampleTimes = 1;
o/°====================
sys = simsizes(sizes); % mdlOutputs
o/°====================
x0 = zeros(size(A,1),1); A
function sys=mdl0Outputs(t,x,u,A,B,C,D)
str = [1;
sys = Cxx + Dxu;
ts = [0 0];
% end mdlInitializeSizes % end mdlOutputs
°/°===================
7% mdlDerivatives
°/°===================
yA

function sys=mdlDerivatives(t,x,u,A,B,C,D)
sys = Axx + Bx*u;

% end mdlDerivatives
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